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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a nitride semiconductor device, 
using a nitride semiconductor as its substrate by making an n-type nitride 
s miconductor layer with a specific film thickness to grow on a substrate, 
and by making nitride semiconductor layers containing acceptor impurities 
grow on the foregoing nitride semiconductor layer, and further, by removing 
thereafter the substrate therefrom. 

SOLUTION: A buffer layer 1 1 is made to grow in contact with a substrate 
10 made of spinel (MgAI204). Then, an n-type nitride compound 
s miconductor layer 1 with a film thickness not smaller than 20 tl m is made 
to grow in contact with the buffer layer 1 1. Further, an active layer 2 is 
made to grow in contact with the semiconductor layer 1 . Subsequently, 
nitride semiconductor layers 3, 4 containing acceptor impurities are made to 
grow on the active layer 2. Then, a resultant wafer is taken out from a 
reaction container, to remove the substrate 10 therefrom. In this case, the 
buffer layer 11 is also removed naturally therefrom. Further, an n-electrode 
20 is provided on the surface of the semiconductor layer 1 corresponding to 
th bottom surface of the wafer, and an electrode comprising a translucent 
p-type electrode 21 and a pad electrode 22 is formed on the uppermost 
semiconductor layer 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b en translat d by comput r.So the translation may not reflect the original precisely. 

2. * * ** shows the word which can not be translat d. 
3.1n the drawings, any words ar not translat d. 



CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by having the process into which th 
nitride s miconductor layer which contains acceptor impurity at least is grown up. and the process which removes a 
substrat after the nitride semiconductor layer growth containing acceptor impurity in the process which grows up n type 
nitride s miconductor layer into the substrate upper part by thickness 20 micrometers or more, and this n type nitride 
s miconductor layer upper part. 

[Claim 2] The manufacture method of a nitride semiconductor device according to claim 1 that the aforementioned 
substrate is characterized by the bird clapper from a spinel. 

[Claim 3] The manufacture method of the nitride semiconductor device according to claim 1 or 2 characterized by including 
the proc ss which carries out annealing in the atmosphere containing a nitrogen source after the nitride semiconductor 
layer growth containing the aforementioned acceptor impurity, and which carries out annealing in the atmosphere which 
does not include the source of hydrogen after that. 

[Claim 4] The manufacture method of the nitride semiconductor device characterized by having the process into which th 
nitride semiconductor layer containing acceptor impurity is grown up at least at the process which grows up n type nitrid 
semiconductor layer into the spinel substrate upper part by thickness 20 micrometers or more, the process which remov s 
a substrate after n type nitride semiconductor layer growth, and n type nitride semiconductor layer upper part after 
substrat removal. 

[Claim 5] The manufacture method of the nitride semiconductor according to claim 4 characterized by making the front 
fac of the n type nitride semiconductor layer into the shape of a mirror plane after the aforementioned n type nitride 
semiconductor layer growth. 

[Claim 6] The manufacture method of the nitride semiconductor device according to claim 4 or 5 characterized by having 
the process which carries out annealing in the process which carries out annealing of the n type nitride semiconductor in 
the atmosphere containing a nitrogen source after the aforementioned substrate removal, and the atmosphere which do s 
not include the source of hydrogen after the nitride semiconductor layer growth which contains acceptor impurity after 
that. 

[Claim 7] The aforementioned n type nitride semiconductor layer is the manufacture method of a nitride semiconduct r 
given in the claim 1 characterized by making small carrier concentration of the side close to p type nitride semiconductor 
layer, and enlarging carrier concentration of the side which is separated from p type nitride semiconductor, or any 1 term of 

7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detail d Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the nitride semiconductor (InXAIYGal-X-YN, 0 
<=X, 0<=Y, X+Y<=1) element used for light-receiving devices, such as luminescence devices, such as Light Emitting Diode 
(light emitting diode) and LD (laser diode), a solar battery, and a photosensor. 
[0002] 

[D scription of the Prior Art] The nitride semiconductor is put in practical use now as the blue luminescence Light Emitting 
Diode and green luminescence Light Emitting Diode. Since the substrate which carried out grid adjustment does not exist, 
the nitride semiconductor is growing through AIN of the hundreds of A thickness directly formed on the silicon on sapphire 
from which a lattice constant differs no less than 13.5%, and the GaN buffer layer. Although the attempt which produc s the 
bulk crystal of GaN which, on the other hand, serves as a substrate which carried out grid adjustment is performed in the 
for ign research period, now, the actual condition is that the bulk crystal of GaN can grow only in 1200 degrees C or mor 
and the elevated-temperature high-pressure atmosphere of 10,000 or more atmospheric pressure, but only the small 
crystal about several mm phi is moreover obtained. 

[0003] Since the GaN substrate by the bulk single crystal is not expectable, the technology which uses a GaN thick film as 
a substrate is shown in JP.8-1 1 6090A According to this technology, GaN is formed by 50-200-micrometer thickness 
through a buffer layer on substrates, such as GaAs, and GaP, InP, Si, and the nitride semiconductor which removes a 
substrate by meanses, such as polish and chemical etching, after that, and newly contains n type layer and p type layer on 
th GaN layer which remained is grown up. 

[0004] Moreover, after repeat a buffer layer and a GaN single crystal layer, growing up JP.7-1 65498,A on a substrate, 
indicating the method of creating a GaN substrate in addition to this, growing up into JP.7-202265.A the buffer layer which 
becom s silicon on sapphire from ZnO and growing up GaN of a thick film on the buffer layer, the method of obtaining th 
GaN single crystal substrate of a thick film is shown by by carrying out dissolution removal of the ZnO. Furthermore, the 
luminescence device which carried out the laminating of the nitride semiconductor layer of a mutually different conductivity 
type on a GaN single crystal substrate to JP,7-94784,A is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, although much technology is proposed by the GaN substrate for growing 
up a nitride semiconductor, the nitride semiconductor which used this GaN as the substrate does not yet appear in it, but 
actually, it is very difficult for it to it to manufacture the various device elements which have the thick film GaN dozens f 
micrometers or more in a substrate. 

[0006] Therefore, the place made into the purpose of this invention is in manufacturing the device element which consists 
of a nitride semiconductor to offer the manufacture method that the element which used the nitride semiconductor for the 
substrate is realizable. 
[0007] 

[Means for Solving the Problem] The manufacture method of the nitride semiconductor device element of this invention 
consists of two kinds of modes, the 1st mode It is n type nitride semiconductor layer (it is hereafter called n type layer.) to 
the substrate upper part. It is characterized by having the process into which the nitride semiconductor layer which 
contains acceptor impurity at least is grown up, and the process which removes a substrate after the nitride semiconductor 
lay r growth containing acceptor impurity in the process grown up by thickness 20 micrometers or more, and this n type 
layer upper part. It is desirable to use a spinel (MgAI 204) for a substrate especially in the 1 st mode of this invention, and 
to make the field (111) of a spinel substrate into the growth side of a nitride semiconductor also in it. 
[0008] In the 1st mode of this invention, it is characterized by including the process which carries out annealing (heat 
treatment) in the atmosphere containing nitrogen after the nitride semiconductor layer growth containing acceptor impurity 
and which carries out annealing in the atmosphere which does not include the source of hydrogen after that. By supplying 
the source of N, it is to carry out annealing in the atmosphere containing a nitrogen source in order to prevent disass mbly 
of a nitride semiconductor and to prepare crystal I inity. Therefore, it is desirable to carry out annealing in 300 degrees C - 
1 200 d grees C atmosphere, using ammonia, a hydrazine, etc. as a source of N. It is 400 degrees C or more that 
crystallinity becomes good most. It is to carry out annealing in the atmosphere which does not include the source of H in 
order to make low resistance further the nitride semiconductor layer which removed H combined with acceptor impurity 
from und r th crystal, and dop d acceptor impurity with th aforementioned source ann aling of N among the reaction. It 
is desirable to also p rform this annealing above 400 degre s C. 

[0009] Moreover, th 2nd mode of this invention is charact rized by growing up th nitride s miconductor lay r containing 
acceptor impurity at I ast at th process which grows up n type layer into the spin I substrat upper part by thickness 20 
microm ters or more, th process which r moves a substrat aft r n typ lay r growth, and n typ lay r upp r part aft r 
substrat removal. Mor ver, also in the 2nd mod f this invention, it is desirabl to mak th ft Id (1 1 1) fa spinel 
substrat into the growth side of a nitrid semiconductor. 

[0010] In addition, in th claim of this application, n cessarily not growing up n typ lay r into a substrat in contact with n 
type layer which carri s out substrat up growth not nec ssarily, growing up buffer lay rs, such as GaN. AIN, and ZnO. in 
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c ntact with a substrate, and gr wing up n type layer of 20 micrometers or more of thickn ss in contact with this buffer 
lay r is also included. Th nitrid semiconductor of singl composition is suffici nt as n type layer of thickn ss 20 
micromet rs or more, and th lay r which carried out the laminating of th thin film of n typ lay r from which composition 
differs is suffici nt as it Similarly n c ssarily not growing up th nitride semic nduct r layer which not n c ssarily dop d 
acceptor impurity as growing up the nitride semiconductor lay r which doped acc ptor impurity to be n typ lay r upp r 
part in contact with n type layer, growing up a buffer layer, i type layer, or a barrier layer in contact with n type layer, and 
growing up the nitrid semiconductor which doped acc ptor impurity in contact with those buffer layers, i type lay r, and 
the barrier lay r is also included. 

[001 1] Furthermore, in th 2nd mode of this invention, it is characterized by making the front face of the n type layer into 
th shap of a mirror plane aft r n type lay r growth. 

[001 2] Mor over, in th 2nd mode of this invention, ann aling of the n type nitrid semiconductor is carri d out in th 
atmosphere containing a nitrogen source after the aforementioned substrate removal, and it is characterized by carrying 
out ann aling in the atmosphere which does not include the source of hydrogen after the nitride semiconductor layer 
growth which contains acceptor impurity after that After substrate removal, annealing is carried out for preventing 
disass mbly of a nitride semiconductor and preparing a crystalline good substrate in the atmosphere containing a nitr gen 
source, and it is desirable similarly by supplying the source of N to carry out annealing in 300 degrees C - 1200 degrees C 
atmosphere using ammonia, a hydrazine, etc. as well as the 1st mode. The temperature to which crystallinity becomes g od 
most is 400 degrees C or more. Annealing is carried out in the atmosphere which does not include the source of H for 
making low resistance further the nitride semiconductor layer which removed H combined with acceptor impurity in th 
r action as well as the 1 st mode from under the crystal, and doped acceptor impurity, and it is desirable to carry out abov 
400 d grees C. Moreover, in the 1st mode of this invention, and the 2nd mode, it is characterized by for n type layer making 
small carrier concentration of the side close to p type layer, and enlarging carrier concentration of the side which is 
s parat d from p type nitride semiconductor. 
[0013] 

[Embodiments of the Invention] Drawing 1 (a) - (e) is the type section view showing the partial structure of the wafer 
obtain d in each process of the 1st mode of this invention. The 1st mode of this invention is explained based on these 
drawings. 

[0014] Especially the growth method of a nitride semiconductor is not limited and can apply ail the methods proposed in 
ord r to grow up [ for example, ] a nitride semiconductor conventionally [, such as MOVPE (organic-metal vapor growth), 
HDVPE (halide vapor growth), and MBE (molecular-beam vapor growth), ]. 

[0015] In drawing 1 (a), 10 is a substrate. A nitride semiconductor is first grown up on this substrate 10. Although 
substrates, such as sapphire, a spinel, SiC, GaAs, and Si, ZnO, can be used for a substrate 10 in the 1st mode, a spinel is 
used pr ferably. A spinel can grow up the nitride semiconductor of single composition by the thick film 20 micrometers or 
mor as compared with other materials. And if the field (111) of a spinel is made into the growth side of a nitride 
semiconductor, a crystalline good nitride semiconductor can grow by the thick film. In addition, crystalline right and wrong 
can be judged by measuring the half-value width of 2 crystallization X-ray rocking curve, and if the crystal for 100 or I ss 
seconds is most preferably obtained for the half-value width 150 or less seconds still more preferably 200 or less seconds, 
it can be judged that the nitride semiconducting crystal has few cracks, and the uniform field is acquired. There are f w 
lattice constant differences with a nitride semiconductor (9%), and a spinel has few coefficient-of-thermal-expansion 
differ nces, and since the crystal is soft, even if it grows up the nitride semiconductor of a thick film as compared with the 
substrate into which the nitride semiconductor of further others is grown up, it has the feature that a crack cannot ent r 
easily. For example, when GaN is grown up to be substrates, such as sapphire and SiC. by thickness 10 micrometers or 
mor , th re is an inclination for a crack to tend to enter. 

[001 6] Next a buffer layer 1 1 is grown up in contact with this substrate 1 0. A buffer layer 1 1 grows up nitride 
semiconductors, such as AIN, AIGaN, GaN, and InGaN, at 200 degrees C - 900 degrees C low temperature. A buffer lay r 
1 1 has the operation which eases the grid mismatching of a substrate 10 and the nitride semiconductor grown up into the 
degr of a buffer layer. In addition, since a nitride semiconductor has the property which shows n type in the state of a 
non dop (an impurity is not doped) by the own lattice defect of a semiconductor, a buffer layer 1 1 usually shows n typ 
conductivity. 

[001 7] As furthermore shown in (b), a buffer layer 1 1 is touched and n type layer 1 is grown up by thickness 20 
micrometers or more, n type layer 1 is grown up at an elevated temperature rather than a buffer layer. It is desirable for 
the composition to set n type layer 1 to GaN, when 20 micrometers or more grow by single composition. It is easy to gr w 
up GaN rather than the nitride semiconductor containing In or aluminum, and a crystalline good thing is obtained most. 
Moreov r, n type layer 1 can carry out the laminating of two or more n type layers, and can also set them to 20 
micrometers or more. For example, the laminating of the n type layer of a thin film can also be carried out to condition of 
growing up 5 micrometers of GaN(s) on a buffer layer 11, InGaN growing up further 0.1 micrometers of 5 micrometers of 
GaN(s), repeating it on it, and making it thickness 20 micrometers or more. Thus, if a substrate 10 is a spinel when growing 
up the nitride semiconductor of a thin film, n type layer into which a crack cannot go easily can be grown up. In additi n, it 
is d sirable for a nitride semiconductor to dope donor impurities, such as Si, germanium, and Sn, preferably, although ann 
dope also becomes n type as mentioned above, and to grow up n type layer which adjusted carrier concentration. In 
addition, 20 microm t rs or more of 50 micrometers or m re of thickness of n type layer 1 are most pr ferably grown up by 
thickness 100 micrometers or mor still more pr ferably. It is b cause a wafer will b com easy t break and it will be hard 
coming to produce th chip of an exact configuration, wh n a substrate is remov d lat r, if f wer than 20 micromet rs. 
Although specially th upper limit of thickness is not specif! d, it is usually adjust d to 1mm or I ss. 

[0018] When doping a donor impurity and adjusting carrier cone ntration, as f r th carrier concentration of n type layer 1, 
it is desirabl to enlarge carrier concentration of the side clos to the buffer lay r 1 1, and to make small carrier 
c ncentration of th side clos to the barri r lay r 2 grown up int a degre on th oth r hand. Thus, if carri r 
concentration of the side close to p typ layer is made small and n ar carri r cone ntration of th rec ding one is nlarg d, 
a substrate 10 will be del t d behind, th carrier injection efficiency at the tim of forming n electrod in n type lay r 1 
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side will impr v , and a radiant pow r utput will improve. 

[0019] N xt, as shown in (c), a barri r lay r 2 is grown up in contact with n typ lay r 1. n type, i typ . or p typ is 
suffici nt as the conductivity type f th barrier lay r 2 form d in c ntact with n typ lay r. A barri r layer 2 has the 
desirabl well layer which constitutes so that th w II lay r which c nsists f a nitrid semiconductor containing In may b 
included, and consists of InGaN of mixed crystal pr ferably. Since the obj ct with suffici nt crystallinity of 4 yuan of 3 yuan 
is obtain d compared with th thing of mix d crystal, the radiant power output of InGaN of mixed crystal improves. Wh n 
producing a Light Emitting Diod elem nt. a barri r lay r is tak n as the single quantum w li structur (SQW:Single- 
quantum-well) which consists of a single well layer. Mor ov r, in producing LD ei m nt it considers as th multiplex 
quantum w II structur (MQW:Multi-quantum-w II) which carried ut the laminating of th w II lay r which c nsists a 
barrier layer of InGaN, and the barrier lay r which consists of a nitride s miconductor with larger band GYABBU than a well 
lay r. a barrier lay r — the sam — InX'Ga1-X'N (0 <=X<1, X* <X) of 3 yuan mix d crystal — desirabl — w II + 
obstruction + well + ... a laminating is carried out and MQW is constituted so that it may become a 10 obstruction + w II 
(th r v rse — even when — good) Thus, if a barrier layer is set to MQW which carried out the laminating of the InGaN, 
high power LD for about 365nm - 660nm is realizable by luminescence between quantum level. Furthermore, when the 
laminating of the barrier layer which consists of InGaN on a well layer is carried out. the barrier layer which consists of 
InGaN has a soft crystal compared with AIGaN. Therefore, since thickness of AIGaN of a clad layer can be thickened, laser 
oscillation is realizable. Furthermore, InGaN differs in crystal-growth temperature from AIGaN. For example, in the MO VPE 
m thod, AIGaN grows up InGaN at temperature higher than 900 degrees C to making it grow up at 600 degrees C - 800 
d gre s C. Therefore, if it is going to grow up the barrier layer which consists of AIGaN after growing up the well layer 
which consists of InGaN, it is necessary to raise growth temperature. If growth temperature is raised, since the InGaN w II 
lay r grown up previously will decompose, it is difficult to obtain a crystalline good well layer. Furthermore, if there is n 
thickness of a well layer and the dozens of A well layer of a thin film decomposes it, it will become difficult to produc 
MGW. If a barrier layer is also set to InGaN to it a well layer and a barrier layer can grow at the same temperature. 
Therefore, since the well layer formed previously does not decompose, crystalline good MQW can be formed. Although this 
shows the most desirable mode of MQW, what composition is sufficient as long as it makes InGaN for a well layer and 
mak s bandgap energy of a barrier layer others for a barrier layer like GaN and AIGaN more greatly than a well layer. In 
which can do the barrier layer of InGaN multiplex quantum well structure or single quantum well structure with the 
composition ununiformity of an InGaN well layer — an exciton carries out localization to a rich energy potential well lay r, 
and the localization exciton is formed A radiant power output improves by this localization exciton luminescence. That is, 
wh n such single thickness carries out the laminating of the thin film which is dozens of A, a well layer and a barrier layer 
do not grow by uniform thickness, but the irregular layer is in the state where it overlapped several times over. If double 
hetero structure which sandwiches an irregular barrier layer in a clad layer with a larger band gap than a barrier layer is 
r aliz d, the electron and hole which were poured into the barrier layer will come to be confined also in a crevice, and will 
be confined in both directions in every direction with lengthwise [ of a clad layer ]. For this reason, it comes to be shut up 
by the quantum box with which a carrier consists of InGaN which is three dimensions with an about 10-70A irregularity 
diff rence, or the quantum disk and the quantum effect different from the conventional quantum well structure appears. 
[0020] Next, as shown in drawing 1 (c), the nitride semiconductor layers 3 and 4 (the nitride semiconductor layer containing 
acceptor impurity is hereafter called p type layer.) containing acceptor impurity are grown up on a barrier layer 2. Since th 
easiest Light Emitting Diode structure is shown, although p type layer consists of a p type clad layer 3 and a p type contact 
layer 4 in this drawing, p type layer which has composition different if needed can anywhere newly be inserted besides 
thes p type layers, if it is on a barrier layer, in addition, the thing for which these p type layers perform annealing aft r 
growth — further — low — p type layer [ **** ] is realizable 

[0021] n type layer 1 is grown up by thickness 20 micrometers or more on a substrate 10 as mentioned above, and p typ 
lay rs 3 and 4 are grown up at least on the n type layer 1. In addition, even if it may grow up a buffer layer 1 1 between n 
typ layer 1 and a substrate 10 and grows up a barrier layer 2 between n type layer 1 and p type layer 3, n type layer (f r 
example, n type clad layer) which is within the limits of this invention, and consists of other composition between n typ 
lay r 1 and a barrier layer 2 can also be grown up. 

[0022] Next, after growing up the element structure which consists of a nitride semiconductor, a wafer is picked out from a 
reaction container, and a substrate 10 is removed as shown in drawing 1 (d). There are meanses, such as polish and 
etching, in removing a substrate 10. If it is polish, polishing will be performed after wrapping using SiC powder and diamond 
powd r. If it is chemical etching, it is removable by dissolving a substrate side with the mixed acid of a sulfuric-acid + 
phosphoric acid, and a sulfuric-acid + hydrogen peroxide. In addition, the buffer layer 1 1 is removed in drawing 1 , and a 
buff r layer 1 1 is very a film, and with technology, such as etching and polish, since a substrate is not necessarily removed 
by flat-surface homogeneity in the precision of dozens of A, nature and a buffer layer 1 1 are also removed. Thus, the fr nt 
fac of n type layer 1 which consists of a nitride semiconductor, and the front face of p type layer 4 can produce the waf r 
expos d up and down. 

[0023] Drawing 1 (e) shows the nitride semiconductor chip structure started in the shape of a chip from the wafer of (d). 
Th n el ctrode 20 is formed in the front face of n type layer 1 equivalent to a base, and the electrode which consists f 
th p electrode 21 and the pad electrode 22 of a translucency is formed in p type contact layer 4 of the best layer. Th p 
el ctrode 21 is a metal electrode of a translucency, for example, it has obtained p type contact layer 4 and desirable ohmic 
contact while being form d by thickn ss 0.1 micrometers or less, the hydrogen which the p electrode 21 of a translucency 
can obs rve lumin sc nc fa barrier layer 2 from p type lay r sid , and is contain d in p type lay r sine thickn ss is thin 
— th time of annealing — p netrating — low — it has c ntribut d to realization of p typ layer [ **** ] Sine th 
transluc ncy I ctr d 21 will become easy to s parat if dir ct wir bonding of the pad I ctrode 22 is carri d out to the 
p I ctrod 21 of a translucency, whil pr venting pe ling of the p I ctrod 21, the wire-b nding position is clarified again. 
Mor over, if a pad electrode is in p I ctrode 21 c nt r s ction, bonding positioning at the time of wir bonding will becom 
asy, and th lem nt yield will improv . 
[0024] A diff r nt plac from the t chnology in which the 1 st mod of this inv ntion manufactures th substrat f th 
conv ntional GaN is located in th place which forms t a barrier lay r and p typ layer, produces th structur of th 
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I ment itself after growing up n type lay r, and removes a substrat after that Thus, th mass-production nature of an 
lement becom s go d by making to I m nt structur , without taking out th nitride semiconductor grown up at one from 
'* a reaction contain r. Mor ov r, in ord r not to tak out a substrat from a r action contain r until I ment structur is 

done, oxidization of th substrat of the nitrid s mic nductor growth sid by t uching air and transf rmation can b 

prevented. 

[0025] Drawing 2 (f) - Q) is the type section vi w showing the partial structur of th waf r btain d in each process of the 

2nd mod of this inv ntion. The 2nd mod of this invention is explain d based on thes drawings. 

[0026] The substrate 10 shown in drawing 2 (0 c nsists f a spin I. In the 2nd mode, a substrate n eds to b a spinel. 

Becaus , unlik th 1st mode, sine the 2nd mode gr ws up n typ layer n a substrat 10, it r moves a substrate. 

Th refore, in case th dir ction into which n typ layer of singl composition is gr wn up by th thick film mov s n type 

layer in a reaction container again and p rforms a crystal growth at th el vated temperature of 1000 degre s C or m r .it 

is d sirable in order to prevent physical deformation like the curvature of the crystal injury on the crack of n type lay r, a 

chip, tc, and n type layer. In order to grow up n type layer of single composition by the thick film, what a spinel substrat 

is the easiest to grow up is as the 1 st mode having described. 

[0027] A buffer layer 11 is grown up in contact with this spinel substrate 10. Especially the buffer layer 11 does not r plac 
the 1st mode. 

[0028] Next, in contact with this buffer layer 1 1 , n type layer 1 is grown up by thickness 20 micrometers or more. As for 
this n type layer 1, in the 2nd mode, it is desirable single nitride semiconductor composition and to make it grow up by 
thickness 20 micrometers or more by GaN preferably. Furthermore, it is preferably desirable [ the thickness of n type 
layer ] in the 2nd mode to make it grow up by thickness 120 micrometers or more most preferably 100 micrometers or 
more still more preferably 50 micrometers or more. This removes a substrate 10 after n type layer 1 growth, produces 
independent n type layer used as a new substrate, and performs a crystal growth at an elevated temperature on this n typ 
layer further. Since it will be divided during growth or will curve if n type layer used as a substrate is thin, there is a 
possibility that the laminating of the nitride semiconductor layer of uniform thickness cannot be carried out. Therefor , as 
for n type layer 1 , in the 2nd mode, it is desirable to make it grow up more thickly than the 1 st mode. 
[0029] Moreover, the 2nd mode as well as the 1 st mode dopes donor impurities, such as Si, germanium, and Sn, in n typ 
layer 1. When it is desirable to grow up n type layer which acjjusted carrier concentration, it dopes a donor impurity and 
carrier concentration is adjusted, As for the carrier concentration of n type layer 1, it is desirable to enlarge carrier 
concentration of the side close to the buffer layer 11, and to make small carrier concentration of the side which is 
s parated from a buffer layer 11. 

[0030] Next, a wafer is picked out from a reaction container after n type layer 1 growth, and meanses, such as polish and 
tching, remove a substrate 10, as shown in drawing 2 (h). By removing a substrate, the wafer which consists of an n typ 
lay r 1 which the 1 st principal plane and 2nd principal plane exposed is producible. Moreover, drawing 2 (h) of this caus is 
the sam as that of the 1st mode, although the buffer layer 11 is removed similarly. 

[0031] Furthermore, in the 2nd mode, it is desirable after substrate 10 removal to make into the shape of a mirror plan th 
front face of n type layer 1 into which it is going to grow up the nitride semiconductor layer which has other conductivity 
types. Although there are polish besides chemical etching and a physical etching means like dry etching in order to consider 
as the shape of a mirror plane, like a sulfuric-acid + phosphoric acid, and since danger is also high, polish is the most 
desirable [ a solvent ]. [ the solvent which can etch a nitride semiconductor ] Thus, by making one field of the n type layers 
1 into the shape of a mirror plane, the nitride semiconductor to which the field direction was equal can be grown up. 
[0032] Next, as shown in drawing 2 (i), the laminating of a barrier layer 2, p type clad layer 3, and the p type contact lay r 4 
is carried out to order on the front face of n type layer 1. The same thing as the barrier layer stated in the 1st mode of a 
barri r layer 2 is the most desirable. Moreover, you may grow up other layers which consist of an n type nitride 
semiconductor which has different composition from n type layer 1 between a barrier layer 2 and n type layer 1. It is th 
same as the 1st mode also about p type clad layer 3 and p type contact layer 4, and if needed, as long as it is on a barri r 
layer, you may insert in a layer of what p type layer which has different composition. 

[0033] Although the nitride semiconductor chip structure started in the shape of a chip from the wafer of (i) is not sh wn 
and especially the operation effect of the translucency electrode 21 and the pad electrode 22 does not differ from th 1st 
mode, th point that this chip differs from the chip of drawing 1 (e) has drawing 2 (h) in the place which is **?Mc** **** jng n 
typ lay r 1 under a barrier layer 2. That is, between the etching slot which was made to expose n type layer which 
**+++++4-4c*s p type layer and is under a barrier layer 2, and was exposed, and the etching slot, a wafer is cut and it is 
made th letter of a chip. This operation is as follows. According to this invention, since a substrate serves as a nitrid 
semiconductor, the cleavage of the nitride semiconductor can be carried out However, the nitride semiconductor is difficult 
for making all into the rectangular letter of a chip by the cleavage because of the crystal form called hexagonal system. 
Therefor , one of fields cannot but take cutting means, such as dicing. Since a nitride semiconductor has the very hard 
property of a crystal, if a dicing end face is missing when dicing is carried out and it becomes easy to generate a crack tc. 
and such a crystal defect occurs especially in the end face of a barrier layer, the reliability of the element itself will fall. 
Therefor , since the edge of a blade at the time of dicing can be prevented from touching a barrier-layer end face by 
**********ing to n type layer below a barrier layer, the reliability of an element improves. This configuration of (j) is 
applicabl similarly in the 1st mode. 
[0034] 

[Exampl ] Although how t grow up a nitride semiconductor by th MOCVD method is describ d h reafter, th m thod f 
this invention is applicable to all th methods by which th conventional pr posal is made in order to grow up nitride 
semiconductors, such as not only MOCVD but MBE, HDVPE, tc. Moreover, about element structur . nly the typical Light 
Emitting Diod el ment and LD elem nt are describ d. and structure is n t limit d to this xampl . either. 
[0035] [Exampl 1] (the 1st mode) 

It carries out based on drawing 1 , and th 1 st mod of this invention is explained. (111) Passing hydr gen, aft r s tting th 
spinel substrat 10 (MgAI 204) which makes a fi Id a growth sid in a reaction container and r placing the insid f a 
reaction container nough from hydrogen, raise the temp rature of a substrat to 1050 degr es C. and cl an a substrat . 
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[0036] Th n. t mp ratur is I wered to 510 d gr es C, hydr gen is used for carri r gas, ammonia and TMG 
(trimethylgallium) are used for material gas, and th buff r layer 11 which consists of GaN on a spin I substrat is grown up 
• by about 200A thickn ss. AIN, GaN. AIGaN, tc. are 900 degr s C or I ss in t mp rature, and can f rm a buff r layer by 
the 10A - hundr ds of A thickness numb r. It is als possible to omit d pending n th gr wth m thod of a nitrid 
s miconductor, although it is form d in rder that this buffer lay r may ease th lattic constant injustic of a substrat 
and a nitride semiconductor. 

[0037] Only TMG is stopp d after buff r-layer 11 growth, and temperatur is raised to 1030 d gr es C. If it becom s 1030 
d gre s C, similarly, TMG and ammonia gas will be us d for material gas, silane gas will b us d f r dopant gas, and as 
shown in drawing 1 (b), an Si dope n typ GaN lay r will be grown up by 100-micrometer thickn ss as an n type contact 
lay r 1. n type contact layer 1 mak s th following 50 micromet rs n- of low carri r concentration for 50 microm t rs f 
th beginning as n+ of high carri r cone ntration. By b ing able to constitute n type c ntact lay r from InXAIYGa1-X-YN (0 
<=X, 0<=Y, X+Y<=1), and constituting from GaN, InGaN, and GaN that doped Si also in it especially, n type layer with high 
carrier concentration is obtained, and a negative electrode and desirable ohmic contact are obtained. OMIKKU with a m tal 
or alloys desirable as a material of a negative electrode, such as aluminum, Ti t W. Cu, Zn, Sn, and In, is obtained. 
[0038] Next TMG, TMI, and ammonia are used for material gas, temperature is held at 800 degrees C, and the barrier lay r 
2 which consists of single quantum well structure (SQW) which consists of non dope InO.2GaO.8N is grown up by 30A 
thickness. If it is the single quantum well structure or multiplex quantum well structure containing the well layer which 
consists a barrier layer 2 of InGaN, the high power light emitting device for about 365nm - 660nm is realizable by 
luminescence between quantum level. It is desirable to adjust a well layer to 70A or less, and to adjust a barrier layer to th 
thickness of 150A or less with multiplex quantum well structure. It is desirable to adjust to thickness 70A or less with singl 
quantum well structure on the other hand. 

[0039] N xt, temperature is raised at 1050 degrees C and p type clad layer 3 which consists of Mg dope p type 
aluminumO.2GaO.8N is grown up by 0.5-micrometer thickness. As for the p type clad layer grown up in contact with a 
barrier layer, it is desirable the nitride semiconductor containing aluminum and to grow up AIGaN preferably. Although a p 
type crystal is obtained by being able to mention II group elements, such as Mg, Zn, and Cd. as acceptor impurity for making 
it p typ , and doping such acceptor impurity during nitride semiconductor growth, annealing of the crystal which doped th 
acceptor impurity after growth preferably is carried out, and still more desirable p type is obtained by removing the 
hydrogen combined with acceptor impurity out of a crystal. 

[0040] Next, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C is grown up by 0.5- 
micrometer thickness. The cross section after growth is drawing 1 (c). p type contact layer 4 can be constituted from p 
type InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), especially if InGaN, GaN, and p type GaN that doped Mg also in it P type 
lay r with the highest carrier concentration will be obtained, and a positive electrode and good ohmic contact will be 
obtained. OMIKKU is easy to obtain a metal or alloys with a comparatively high work function, such as nickel, Pd. Ir. Rh. Pt 
Ag, and Au, as a material of a positive electrode. 

[0041] A wafer is picked out from a reaction container after a reaction end, the spinel substrate 10 of the side into which 
the nitride semiconductor is not grown up using a grinder is wrapped, and as shown in drawing 1 (d), the spinel substrat 10 
and a buffer layer 1 1 are removed. After buffer-layer removal, n type contact layer 1 by the side of a buffer layer is 
polished further, and it considers as the shape of a mirror plane. 

[0042] Next, the wrapped wafer is transported to annealing equipment and 1000-degree C annealing is performed in 
ammonia atmosphere. This annealing has the operation which prepares the crystallinity of the whole crystal by carrying out 
below 300 degrees C or more and 1200 degrees C, and carrying out in atmosphere including sources of N, such as ammonia 
and nitrogen. 

[0043] After annealing and in annealing equipment it is among the atmosphere which does not contain H (nitrogen-gas- 
atmosphere mind), annealing is shortly, performed at 700 degrees C, and p type layer is further formed into low resistanc . 
By carrying out in the atmosphere which does not usually contain H above 400 degrees C, this annealing removes the 
hydrogen combined with acceptor impurity out of a crystal, and has the operation which forms p type layer into low 
resistance further. 

[0044] After annealing, mostly, the n electrode 20 of the front face of n type contact layer 1 which polished which contains 
Ti and aluminum on the whole surface is formed by 2-micrometer thickness, and. on the other hand, the p electrode 21 f 
the translucency of p type contact layer 4 which contains nickel and Au on the whole surface is formed by 100A thickn ss. 
In order to obtain desirable ohmic contact on the front face of p type contact layer 4, as for electrode thickness, it is 
desirable to make it 1000A or less and to make it a translucency. That is because hydrogen secedes from p type layer 
through a translucency electrode and low-resists p type layer further at the time of electrode annealing. Next focusing on 
the simultaneously of the p electrode 20, the pad electrode 22 of 2 micrometers of thickness is formed. 
[0045] The cleavage of the nitride semiconductor wafer is carried out after the above process end using the cleavage 
nature of n type contact layer 1, and it considers as the Light Emitting Diode element of 250-micrometer angle. This Light 
Emitting Diode element has n electrode and p electrode which counter up and down, and is a forward current. (If) In 20mA, 
forward voltage (Vf)3.5V, 5mW of radiant power outputs, and the outstanding property were shown. 

[0046] In the [example 2] example 1, the buffer layer which a sapphire (0001) side is used for a substrate, and also consists 
of GaN on silicon on sapphire like an example 1 is formed by 200A thickness. 

[0047] Next, 5 micrometers of Si dope n type GaN layers are grown up on this buffer layer. Next, temperature is made into 
800 degrees C and 500A Si dop n mold In0.1Ga0.9N layer is gr wn up on an Si dop n type GaN layer. Next similarly 5 
micrometers of Si dop n type GaN(s) ar grown up, and 500A of Si dope n type InO.1GaO.9Ns is grown up further. This 
operation is rep at d 1 6 tim s and n typ contact lay r f th 60.6 micrometers of th t tal thickn ss is grown up. It is a 
forward current wh n th Light Emitting Diode I m nt was produced iik th exampl 1 aft r this. (If) In 20mA, they w r 
forward voltag (Vf)4V and 2mW of radiant pow r outputs. 
[0048] [Exampl 3] (th 2nd mode) 

It carries out bas d on drawing^ , and th 2nd m de of this inv ntion is explain d. The spinel substrat 10 (MgAI 204) 
which makes a fi Id (1 1 1) a growth sid is clean d Iik an exampl 1, the buff r layer 1 1 which consists of GaN on th 
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spinel substrate 10 is gr wn up by 200A thickness, and an Si dop n type GaN lay r is grown up by 100-micr meter 
thickn ss as an n typ c ntact layer 1 equipped with n+ and n-layer on this buff r layer. Drawing 2 (g) 
- [0049] A waf r is pick d out from a reaction contain r aft r gr wth t and th spinel substrate 10 of th sid into which th 
nitrid s miconductor is not gr wn up using a grind r is wrapped, and as sh wn in drawing 2 (h), th spinel substrat 10 and 
a buff r lay r 1 1 ar r mov d, and it c nsiders as n typ contact layer 1 wafer. Furth rmor , n typ contact layer side by 
the side of low carrier cone ntration (n-) is polished, and it considers as the snap f a mirror plane. 

[0050] n type contact lay r substrat is transport d to a reaction contain r aft r polishing, and 1000-degr e C annealing is 
p rformed in ammonia atmosph re. In addition, n typ contact lay r side by the sid of th low carrier concentration made 
into th shape of a mirror plane is mad int the growth sid of a nitride semiconductor. 

[0051] N xt, the barrier layer 2 of SQW structur is grown up into the front fac of n typ contact layer 1 which polished 
like th exampl 1 by 30A thickn ss, p typ clad layer 3 which consists of Mg dope p type aluminumO.2GaO.8N on the 
barrier layer is grown up by 0.5-micrometer thickness, and p type contact layer 4 which consists of Mg dope p type GaN is 
grown up by 0.5-micrometer thickness. The cross section after growth is drawing 2 (i). Moreover, before growing up a 
barrier layer 2, the buffer layer which becomes the front face of n type contact layer 1 from GaN, InGaN, and AIGaN can 
also b grown up. 

[0052] Annealing is performed at 700 degrees C among the atmosphere, for example, atmosphere, such as nitrogen and Ar, 
which does not contain H after a reaction end and in a reaction container, and p type layer is further formed into low 
r sistance. 

[0053] A wafer is picked out from a reaction container after annealing, RIE (reactive ion etching) etching is performed in a 
grid pattern by width of face of 10 micrometers from p type contact layer 4 side, and as shown in dra wing 2 (h). the flat 
surfac of n type contact layer is exposed. 

[0054] Next, like an example 1, the n electrode 20 of the front face of n type contact layer 1 into which the nitride 
semiconductor is not grown up which contains Ti and aluminum on the whole surface is formed by 2-micrometer thickness, 
the p I ctrode 21 of the translucency of p type contact layer 4 which contains nickel and Au on the whole surface is 
formed by 100A thickness, and, on the other hand, the pad electrode 22 of 2 micrometers of thickness is mostly form d in 
the center of a simultaneously of the p electrode 20. 

[0055] A nitride semiconductor wafer is cut after the above process end using a dicer between an etching slot and an 
tching slot, and it considers as the light emitting device of 350-micrometer angle. This light emitting device also has n 
lectrode and p electrode which counter up and down, and showed Vf3.5V. 5mW of radiant power outputs, and the 

outstanding property in If20mA. 

[0056] [Example 4] drawing 3 is the typical cross section showing the structure of the laser element obtained by the 
method of this invention, and shows drawing at the time of specifically cutting an element in a direction perpendicular to 
the resonance direction of a laser beam. Hereafter, how to manufacture LD by the method of this invention based on 
drawing 3 is described. 

[0057] In an example 3. the spinel substrate 10 and a buffer layer 11 are removed, after installing n type contact layer 1 
wafer which consists of an Si dope GaN of 100 micrometers of thickness which polished the growth side in a reaction 
contain r, temperature is made into 800 degrees C, silane gas is used for TMG, TMI (trimethylindium), ammonia, and 
impurity gas at material gas, and the crack prevention layer 101 which consists of Si dope InO.1GaO.9N is grown up by 500A 
thickness. The n type nitride semiconductor containing In, and by making it grow up by InGaN preferably, it becomes 
possible to grow up 1st n type nitride semiconductor layer 102 containing aluminum grown up into a degree of this crack 
prevention layer 101 by the thick film, and it is very desirable. In the case of LD, it is necessary to grow up an optical 
confin ment layer and the becoming layer by thickness 0.1 micrometers or more preferably. Although element producti n 
was difficult in the former since the crack went into AIGaN grown up later when AIGaN of a thick film was directly grown up 
on GaN and the AIGaN layer, it can prevent that a crack goes into 1st n type nitride semiconductor layer 102 in which this 
crack pr vention layer 101 contains aluminum grown up into a degree. In addition, as for this crack prevention layer, it is 
d sirable to make it grow up by thickness (100A or more and 0.5 micrometers or less). If thinner than 100A. it will be hard 
to act as crack prevention as mentioned above, and when thicker than 0.5 micrometers, it is in the inclination for the 
crystal itself to be discolored in black. In addition, this crack prevention layer 101 is also omissible depending on the 
conditions of the growth method, growth equipment, etc. 

[0058] Next, temperature is made into 1030 degrees C, TMA (trimethylaluminum). TMG. NH3, and SiH4 are used for 
material gas, and 1st n type nitride semiconductor layer 102 which consists of Si dope n type aluminum0.2Ga0.8N is grown 
up by 0.5-micrometer thickness. As for this 1st n type nitride semiconductor layer 102, it is desirable the nitride 
s miconductor which acts as a carrier confining layer and an optical confinement layer, and contains aluminum as 
mention d above, and to grow up AIGaN preferably, and it can form a crystalline good carrier confining layer by growing up 
still mor preferably 100A or more 2 micrometers or less by 500A or more and 1 micrometer or less. 

[0059] T mperature is lowered to 800 degrees C and 2nd n type nitride semiconductor layer 1 03 which consists of Si d pe 
n type GaN is grown up by 0.2-micrometer thickness. As for this 2nd n type nitride semiconductor layer, it is desirable to 
act as a light-guide layer and to grow up GaN and InGaN. and it is usually desirable to make it grow up by 200A - 1 
microm ter thickness still more preferably 100A - 5 micrometers. 

[0060] N xt, the barrier layer into which TMG, TMI, and ammonia are used for material gas. and a barrier layer 2 is grown up 
hotds t mperature at 800 degrees C, and grows up the well layer which consists of non dop In0.2Ga0.8N first by 25A 
thickness. Next, th barri r lay r which consists of non dop In0.01 Ga0.95N at th sam t mp ratur only by changing th 
mol ratio of TMI is grown up by 50A thickness. This op ration is r peated twice and the barri r lay r 2 of th multiplex 
quantum well structur which carried out th laminating of the w II lay r t th last is grown up. 

[0061] N xt, t mperature is rais d to 1050 degre s C and 1st p typ nitride semiconduct r layer 104 which bandgap en rgy 
b comes from a barrier layer from larg Mg dop p type aIuminum0.1Ga0.9N is gr wn up by 300A thickn ss using TMG. 
TMA. NH3, and Cp2Mg (magn sium cyclopentadi nyl). Although this 1st p typ nitride semiconduct r layer 104 is g od als 
as an i typ with which n type impurity was doped and the carri r was comp nsat d sine thickn ss was thin although 
consider d as p typ in this example. I t it b p typ most pr f rably. 0.1 micr m t rs r I ss of 500A r I ss of thickn ss 
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of 1st p type nitrid semiconductor lay r 104 ar most pr ferably adjust d to 300A or less still more pr ferably. Wh n it is 
made to grow up by thickn ss thicker than 0.1 micrometers, it is the shell a crack becomes asy to enter into th 1st 
• nitrid s miconductor layer, and a crystallin good nitrid s miconductor lay r cannot grow up to be asily. It b comes 
impossibl mor over, for a carrier to pass this en rgy barri r by the tunnel ff ct Moreov r, if AIGaN with th larger 
composition ratio of aluminum forms thinly, it will b com asy to oscillat LD elem nt For exampl . if Y valu s ar 0 2 or 
more AIYGal-YN(s), adjusting to 500A or less is desirabl . Although esp cially th minimum f the thickness of th 1st 
nitrid semiconductor layer 104 do s not limit, it is d sirabl to form by thickn ss 10A or more. 

[0062] Then, 2nd p type nitride s miconductor lay r 105 which bandgap energy b comes from Mg dop p typ GaN small r 
than 1st p typ nitride semiconductor lay r 104 at 1050 degrees C is grown up by 0.2-micrometer thickn ss. As for this 
layer, it is desirabl to act as a light-guide layer and to mak it grow up by GaN and InGaN as w II as 2nd n type nitride 
s miconductor 103. Moreover, this lay r acts as a desirabl light-guide layer by acting also as a buffer lay r at th tim f 
growing up 3rd p type nitride semiconductor layer 106, and growing up 100A - 5 micrometers by 200A - 1 micrometer 
thickness still more preferably. 

[0063] Then. 3rd p type nitride semiconductor layer 106 which bandgap energy becomes from larger Mg dope p type 
aluminum0.2Ga0.8N than the 2nd nitride semiconductor layer 105 at 1050 degrees C is grown up by 0 5-micrometer 
thickn ss. As well as 1st n type nitride semiconductor layer 102, as for this layer, it is desirable the nitride semiconductor 
which acts as a carrier confining layer and an optical confinement layer, and contains aluminum, and to grow up AIGaN 
pr ferably. and it can form a crystalline good carrier confining layer by growing up still more preferably 100A or more 2 
micrometers or less by 500A or more and 1 micrometer or less. 

[0064] In the case of the barrier layer which has the well layer which consists of InGaN like this example, the barrier lay r is 
touched. 1st p type nitride semiconductor layer 104 containing aluminum of 0.1 micrometers or less of thickness is formed 
2nd p type nitride semiconductor layer 105 with BADDO gap energy smaller than 1st p type nitride semiconductor layer is' 
formed in the position which is distant from a barrier layer from the p type nitride semiconductor layer. It is very mor 
d sirable than the 2nd p type nitride semiconductor layer 105 to form 3rd p type nitride semiconductor layer 106 which 
consists of a nitride semiconductor containing aluminum with a larger band gap than 2nd p type nitride semiconductor lay r 
in the position distant from the barrier layer. And since the thickness of this 1st p type nitride semiconductor layer 104 is 
thinly set up with 01 micrometers or less, the electron hole which did not act as barrier of a carrier and was poured in from 
P layers can pass through 1st p type nitride semiconductor layer by the tunnel effect, and recombines efficiently by th 
barrier layer, and the output of LD improves. That is, since a carrier does not overflow a barrier layer but it is prevented in 
1st p type nitride semiconductor layer 104 whether the temperature of a semiconductor device rises since the poured-in 
earner has the large bandgap energy of 1st p type nitride semiconductor layer 104, or inrush current density increases r a 
carrier accumulates in a barrier layer and becomes possible [ emitting light efficiently ]. Therefore, since it is rare for 
luminous efficiency to fall even if a semiconductor device carries out a temperature rise, low LD of a threshold current is 
realizable. 

[0065] Finally, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C on 3rd p type nitride 
semiconductor layer 106 is grown up by 0.5-micrometer thickness. 

[0066] After a reaction end. temperature is lowered to a room temperature, a wafer is picked out from a reaction contain r 
rnn** i 3 ' S performed at 700 degrees C, and p type layer is further formed into low resistance 

L0067J p type contact layer 4 of the best layer and 3rd p type nitride semiconductor layer 106 are ********** e d by RIE 
after annealing, and it considers as the ridge configuration which has stripe width of face of 2 micrometers. Thus, by making 
into a stripe-like ridge configuration p type layer which exists above a barrier layer, luminescence of a barrier layer comes 
to concentrate on the bottom of a stripe ridge, and a threshold falls. And as shown in drawing 3 . the p electrode 21 which 
consists of nickel and Au is formed in the front face of p type contact layer 4 in the shape of a stripe. In addition, esp cially 
since the p electrode 21 is a laser element, it is not necessary to make it into a translucency. On the other hand the n 
electrode 20 which consists of Ti and aluminum is formed all over the simultaneously of n type contact layer 1 of the side 
which does not form the nitride semiconductor layer. 

[0068] Next, the cleavage of the wafer is carried out to the shape of a bar in a direction perpendicular to a stripe-like 
electrode, and a resonator is produced to a cleavage plane. Since a substrate is GaN. a resonator is easily producible using 
the cleavage nature of GaN. In this case, a cleavage plane is [External Character 1] of a nitride semiconductor. 

It considers as a field. Outside, in the 1st page, when a nitride semiconductor is approximated by the hexagonal system of a 
right h xagonal prism, it is a field equivalent to the field (Mth page) of the square equivalent to the side of the hexagonal 
prism. In addition, an end face is ********** e d by dry etching meanses. such as RIE. and a resonator can also be produced 
rn« r c «i V T u '* ' S . a posslble to carr y out mirror Poshing of the cleavage plane, and to create it in addition to this 
L0069] The dielectric multilayer which consists of Si02 and Ti02 was formed in the resonator side after the cleavage and 
finally, in the direction parallel to p electrode, the bar was cut and it considered as the laser chip. Next, the chip was 
installed in the heat sink by the face down (state to which =p electrode countered the heat sink), and when laser oscillati n 
was tr. d in ordinary temperature, continuous oscillation with an oscillation wavelength of 400nm was checked by thresh Id 
current density 2 kA/cm2. thus, since face down bonding can be performed to preparation if GaN is used as a substrat 
[0070] rm natUre 3 ° hiP ^ marked,y al ' ke ' aPd imDroves - and the continuous oscillation of it becomes possible ' 

[Eff ctofthelnv ntion] Sine the lament which us d th gallium-nitrid system compound semiconductor as th 
substrat can b manufactur d according to the m thod of this invention as xplained abov . even if it do s not consider 
as the structur which took out two kinds of electr d s from th sam field side like b f re. it can consid r as the 

I ctrod structur which count red in the vertical dir cti n. since a chip size can furth rmor also b made small and th 
number of chip ** persons from th waf r of singl area incr ases. ****** can b fallen Moreover, sine GaN is a 
substrat in the device which needs th resonanc sid n ar a mirror plane lik LD. a resonance side can be easily 
produced by th el avag of GaN, and the utility valu on th industry is v ry larg . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 ' This d ° CUm nt has be n trans,at d DV computer. S th translation may not r fleet the original pr cisely. 
2.**** shows th word which can not be translat d. 
3.1n th drawings, any words ar not translated. 



DESCRIPTION OF DRAWINGS ~~~ ~ 

[Brief Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the wafer for explaining each process of the 1 st mode of this 
inv ntion. 

[Drawing 2] The type section view showing the structure of the wafer for explaining each process of the 2nd mode of this 
inv ntion. 

[grawing 3 3 The type section view showing the structure of the laser element obtained by the method of this invention 
LDescnption of Notations] 

I ... n type contact layer 
2 .... Barrier layer 

3 ... p type clad layer 

4 ... p type contact layer 
10 ... Substrate 

II ... Buffer layer 

20 ... n electrode 

21 ... p electrode 

22 ... Pad electrode 



[Translation done.] 
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r. £ Zft®. £ -rs»*« 1 7 «? F*9 V ^ 1 
[000 1] 

K) . LD (U— T^jj— K) *?<E>$S}fc7^-W*, * 
®J^3Jfl: ( I nxA 1 yG a i-x-yN, O^X, OgY, X+ 40 
[0 0 0 2] 

3. 5%fc*<t5i>-7TW , r«tt±iiii:«»j«ufc*w 

HTSif* ho— AODjgffWA 1 N\ GaN^y7T«Sr 
G a N<&/<vi^fcA&ft*+3K*#*BW^IBH::*s 
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AH: 1 2 0 O'C^i, 1 ^«JE£t±<DWia«EE«:ii*«t> 

T'lMft'ff, L^t. tsc5 y *e«<D/h$fcii£A 

[000 3] '^u* HMfcAlw ±5Ga NSS^iSTI 
*v\fc«>, G a NfffflttatSti-Sft^WitfWH! 3 ? 
8-ii 6 0 9 0ti:*$jitv^. zcowmziz 

£ , GaAs, GaP, InP, Si %<T>W&k\Z^ /< 
•>77l^lTGa N&50 — 200// m»BSt'l 

[0 0 0 4] ^fc:©!, ^sp. 7 - 1 6 5 4 9 8 #{r 
ti, SS^IICA y 7 7 1 1 G a N#gSI i 0 1 

T*S9, #M¥7-2 0 2 2 6 5 7 7 4 T 

■rsr.£fcJ:?K II©Ga N^A*«Sr#5*&*s 

^^ttTV^o $ <b\Z s #i¥7 - 9 4 7 8 4-§-(riiG 
[0 0 0 5] 

[3gSf3/5 s #&L«fc5 £1"5K«] rroj;?^ mtm* 

WSlG a N4S«l:tt5»*lf^ *3$t^£SS5£-rS 
[0 0 0 6] «fot« *&w<nB(tot-tztz?>t±. m. 

[0 0 0 7] 

^St^f-WMfirfrSfeH: 2 !I3S<75l&l8ta> h ft <0 , ^1 oj&ta* 
14, *«±WfcnS»b&***« (EAT, nfiltV^ 
3. ) 5:2 0 MmK±dift^f Jit^Igt, in 

dtra<fc* i iy»fr***«ica6«S:IU4-r5XS£ 
TI4S«(r^.f^/u (MgAhO.) Srffiv\ -t<7)+-e 

fc*tr*/us««> (ill) ffi^^b^^fr^ftBD 

[0 0 0 8] T^-f7°^-7F 
5o SStagSr-^tf^ffl^^T-T^— y i^^i-SWIi, N 



3 

10 0 0 9] *fc*^CD^2 X tf^&K 

-t^FBt- n SJf £ 2 0 ^ mJ^±(DJKJ?T^« 3 II 

loo i o] ^iiwiitjfcJSfrij^T, S«_hS5j5£ 

s„ 2 o nmuiicommvnwmtzm— ^(omtyo* 

SrnaWlrSEUTJSfcfti-Stoft-ett^K, nISI:/<-> 
S*, ill, SteJifcttLTT 

[0011] $e>(r, *&W<DWi2<DmmT'l-Z. nil 

[0 0 12] *fc**WwJ|S 2 

t^#mi:i-5o ^StflSSr^tr 

<> r. t In J: •? , m.{£Vo¥m&<OftM& 

T^*=T, tK7^SrIV^0Ot~12 0 
Otwfi^ttT^-ily^fsrt^u^ ft 
t>tt*tt^a<*5ttflfH:4 0 0 , C£Jl±-ea!)5 o HMSr 

Sfe^fiettJwi-Sfc*!?*) 5, 4 0 0*0 
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!)7MS:/h*<ur > pS!S<t:»^*#*>e>Btiifc«i 
[0 0 13] 

mwvnmvMm] mi (a) ~ u) a, #*w«> 
[0014] mm*mft<n&,&jjm*mzmfci-z t 

ffi) . HDVPE (^7>f KftftjfcftSO . MB E <# 
[0 0 15] Ell (a) l:tJV>T10l±Sffi-i?S)5. 1 

ftii*»*li^f ow±t;jS5§t5. f&i 

rotHfT-liStS l Olcli, t77^7, xf^K s i 
C, GaAs, Si, ZnOf©S««ft5«\ 

¥-|Bj&<a&fc«tt&*tt& 2 0 y m«±rofl 
^fiSt5Cij)i-CI5 t L^t^f^yuro (ll 
1) ffi«r^l2^^<*:wfigSSii-5i:, ttftterofti^ 
«fc*^flttSJW!tT?jfc*T?# 5. &*s|£At±e>& big 
LI4 2i&A8;X$ln y^^tr-h— 7<D*£®ffi : &ffl'fe-FZ 
Z t Iw J: t» ¥d«-<?# . -tO^ffitgtfS 2 0 0 f«T, $ <b 
tr$?£L-<l4l 5 O&KT, ftfcifS KlilO 0»>£l 

*/S s 4>fc<, JtCuS^fbtvT^S * 

*#&j*ft LTSf a «iS 6 a»v ^7t «\ 

ff«Oftflrtfci)£i|W*:Srj«* $-frT fc ^ 5 v 9 ft A 9 \Z < 
V^V^#m^foS 0 «itff7T'f7 1 S i C^©S 
*S(3G a NSr 1 0 n mSX±<DmmX'i&M-t 5 bV7v9 

[0 0 16] RK, r©SSlOi:fUT/<y7rSl 
1StJ*«$*5. /<y7rfllli«)ttfAlN. Al 
GaN, GaN, I n G a N?©I»IM 2 O O 
< C~9 0 O'CO^T/jfcgjS-ttT.So /<->7r^lll4£ 
ffil Oi:/<777l©ftliM$«iftW*flti:ro 

7r*ll»4iB*. nSOWmtSfe&iSi-. 
[0 0 17] (b) l^fipl;, y<yy r mi 

11Z&VX. nW§l&2 0 fl mSUiff>mE.X'f1iL&Zlt 

MS 1 4r¥-«afi)i:T- 2 0 fi m^lMtii^, -f<Dffi 
^UGa Nit5wt!)SiSU\ GaNllInfK 
14 A 1 Sr^tfa^W^Wffit? t/*ft$-fr^< . ftt> 



5 

n!l?rSlLT2 0 vmU-kt-TZZ. t tf$5„ #| 
ili^5/7 rl l l o±i:G a N?r 5 ^ m^S^t 

nGaNSrO. 1/im, $ blCG a N£ 5 ji m 
*ft«:l*0igLT2O,im«±<0j»¥K-*-* 

•Mr <v*nSJI«:j**$i*:3 3. 4*5, £fc 

tt^MlflEtimco J: 5 iw/ > K-7*T-t n Sir 144 5 
*«. £f£L<l4Si, Ge, Sn*©K"J— Tltitttr K 
-ru, **yr&«&lSgLf::nSS 5 
• rt^S*bV\ 4*5, nil 1 <£>JgJ?l4 2 0 ^mJil 
±. SfefctfSK 14 5 0 Mm£t±, ftffSKIil 

0 0^ m^roKJ^-ej&ft^-frSo 2 0 ^ mi 9 i>4<-4 

4oT, ]E»*»*t©*- y :r«:fls« Un < < 4 * T? 
*>5. BW©±IWtH:'lfK*J6bftV^s »* 1 mm^ 

[0018] y-t— ^mm* K-^Lt=Jf-f yr*«sr 

Slg1-3*fr§\ nIllffl*t!)7Mtt^y7 7ll 

©*-ryT»«Sr/hS< It. ®^ofc*W<BJ<D^^ 
y T}gg£*£ < -T* t , OSrffilBJLT, n 

[0019]*K (c) l^^i-i pirn SSI ir^LT 

e 2 14 1 n *^ttmm*m&z 9 45#fs &^tf «t 

5K#(£U »4L<li=jciSSroinGaN±!J45 
#FS#S* E.7C)!gfB^ 1 n G a NI4E35ESSW 
fcroiCJt^TigS^S^V^^fjtlSwT, 3g3tffi73 
^i*]±i-5. LED*^-S:tldBi-5*&l±SttJitt*- 
W#FSJ:!J4S*-S^#F*ji (SQW: Single- 
quantum- well) t-TSo Sfc, LD3fHP&f£8!H-?>4§ 
£irl4, ISttlSrl nGaNiD^S^FIt, #FS 
J: 9 fc/O K=¥-r ->yw^:#v>^bfe^*frJ: 5 451© 
t £«Ji L7t#M;^#F#ji (MQW : Multi - q 
uantum-well) ftS* fifSJ§fclRH$l:: = 5ES&<a I n 
x-G ai - x -N (0SX'<1, X* <X) t)W*L<, #F 
+ Pt^ + #F + • • • +Ptg + #F (-t-WiST-t"!) t 

S£l nGaNSrSItfcMQWtni:, S^-ifH&ffl 
^3feTr^3 6 5 nm~6 6 0 n mHBT-©ii5fcti7j4 L D & 
^tS^tlJSftS. #FS<D±lr 1 nGa 

N4 9 4SP$gJf 3rWJfT3t, 1 n G a N<fc 9 43P» 
^Jf I4A I G a NIItfc^Tfea* 5 *^*^^ ^(Dtztb? 
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7 7 Ki©A I GaN«S$5rf <T'#5roT'U-fi 
$blr % lnGaNiAIGaNif 
ttttB«>J*fti&*ji£#|fc5. «*.»*. MOVPEST'li 

1 nGa NI46 0 0^-8 0 OtT'M ©l:» L 

T, AIGaNI4 9 0 0 < C«fc<3fi5V^^T*)5gft^itS <> 
Sot, UGaNJ:9ft5#Flfc»«*S*tll. A 

I GaNi943PtgS£j&E$-t*r4. 5 £-rJx!4\ z&g 

iaacsriifT^s^Basfcs. £Jbif st, & 

10 *tt«)ft^#FJiSr#-5ii:ttJtLv^. ^bl^FS© 
^J?I4I&+^-^^^ t-o-^LM< » j$ffl£tf>#F/l# 

U PtlltlnGaNttSi^ irW^S^IH) 

«-f- 5 n t # 4 V -e^aH4 <£> l/^M Q W ZBfc-t -5 r. 
i/55T*#?>o r.ixl4MQWO*'b»* LV L7c 
fc<0-efc5*s te»w#FJiSrl nGaN. KgJfiSrG a 

n. a i GaT<i<n£oiz&7sm£Vi>m&m<o.><yh'*e 

■y y^a^/Mr-*:*^ < i-ntfifro «fc 5 
20 V\ I n G a N^Sfi^F#F«it. * L < l4*-*^# 
F*3twSttSl4, I n G a N^FS^Mtfc^-lr 4 
I n y y^Oai^yp^— iKx^^-^yu^FS 

5. o*9, :o ± 5 ft*-IWi«+ty^ h o- 

30 xn«itSr^i-5i:. e+t«lcftA$iX7t«^t *- 

tOfcfc, i) 1 0~ 7 0 ^-y^X h n-A|!Di!i 

m&lbZ 3#.7t<r> I nGaNi^iSim ^3•5V^I4 
fi^-r-f^^lr^Cii^^^fcJ: 5lr4oT, ^(Dfi 

•^^F^ig t i4it o fc»T-^**5 ttim-r 5„ 

[0 0 2 0] JfclcH 1 ( c ) ir^ri-i 9 ir, gtt® 2 W 

ED«it5r*LTV^<73T% pS®l4pS^ 7 y KS 3 
pIay^;hJg4i:d»f)!aotv^*5 < rixbw 

pMsromir, £^ir^cTS4s«afi£^i-.5pas 

5r . SttS ro±x-fcixl4 i* r. Tttfc IrffAi" 5 r t # 

t-#5„ 4fc\ rtbbropasi4fiKe^, r--y^^r 

£fr 5 C t ir J; 9 $ blri£1Sfet4 P a« ^*ax-# 5„ 
[0 0 2 1] J^±ro4plrLT, fflgl 0±lCnMSl 
1:2 0^111^1©^^^ tWnlllWll: 
'>4<tt. pSS3. 4Sr*ftfi$-S-S„ 4*3nMSl 
50 iS^Si o tff3Bl:y<-7 7rI l l^f J-&nii> 
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U *fcn3!*i i P Il3 i^lfflfrgttJf 2£j&S£ 
ttt, *^<7)i5BrtT;fc3U S/cnMif 1 iffifi 
Jf2<b<7}Bme:, ^Offl^Sct 9ft5nS/l (^J^ffnS^ 

[0 0 2 2] #ctc, gfl^^ttJ; t> ftS^HH#^£/& 
S^it^m, ^-^£K/£S^^&9ffibT. 01 
(d) fc**i-J:5fc, Iffil0^*t5c »£10£ 

fctWi, SiC», ^^^m^^r^t 0 ^ 

^nrtCJ:^^^ ft*3Ell Wy7j 
Si 1 t>Bfc*LT^3d^ ^jx7ril ltt##K*v^ 

[0 0 2 3] Hi (e) 12 (d) (DVxL—^frbJ'yy 20 

n^S 1 CO*S^lin@^2 0 SMRl*, 
tllWpSny^ h«4l;iH:83tett<Op««2 1 £ 
KtS2 2 t^b45«SS:^Ltt^o pti 
2 1 OSXttoAlttt*} 5 , 0 . 1 m mJ^T 

U^-V7^gMt#T^5o »3tt£ff> p «tt 2 1 
Stt«2<7>*JtS:paw«|^fe«ll|-e#T, RVtfffv^ 
fc#>lc P £Wfc£4ft5zK*«:T=- !/ ^mirSi® b 
"C% iSS©L*pSJBOHm^*^-bTV^o Sfc^yK 30 
m«2 2l±i®5fett^p®^2 l irl»i7>fir- sffi^-f 
^-T5i:»3fct£®3&2 ltim&ti^-i-K teZ><DX\ p 

[0 0 2 4] **W^*l ^«B«^5fe^G a N(7)$S 

@L SttJI* XtfpSJBST^jrtb-C^afroWigSr 
ff«LTLSv\ -t<o«»fiS:8ft*i-5i:r^lr*)5o 40 

ffi S «3t* T^o T b* 5 w i K J: 9 m*<D 

[002 5] B2 (f) - (j) ft, *«W*>J&2 0«B 

<^®il£l&ej-f 5 C 50 
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[0 0 2 6] HI 2 (f) {rStlfil 0tt^tf^/uj:9 
ft£ c ^2C0ffi^lT^iS®^^l: o ^/UT-fc5^^fo 

6o i2(7)i«mi(Dists4^ a® 

«nS!JiSrS^*rt{r»b, 1 0 0 O'CEUKDffiffiT 

bl\ *-«i*<OnaW*JIfltTjS«$-fr5l3:tt, 

[0 0 2 7] rco* fc^A^S 1 0llgLT/<^77i 

[0 0 2 8] fti::^y77il lCSltnlll 
*2 0MmJK_b^ffltff^*$itS o SB2<Oj»«T?tt;i 

NT- 2 0 u mSk±<DmmXl£&£ltZ Zt&m& bl\> 
$?>^, S2^)ffit-eil nSJi^>IBIJWtt»Sb<li5 
0 n m&s± s S btwif * b< lilOO/i mJ£Lh % 
£b<ill 2 0 //m«±offllJ?Tj«*S-er5r 
bV\ mtt, nSIlj*Mi:SfiiO^LT, 
ff^:*Sffit45^afiOnSJiS:^fib, S^i::(7)ri 
M®o±{cKiaT^ B B e ^;SSrtT5o 3£*ift5 nSM# 
iS^i^S^WnfctK KofcOI-SfcAl::, *&— ft 
«t»oa^«^*fff|^WJl^#ft^33*jx^&5 0 ft 
oT v »2<0JB«^flnS*ltt*loJIB«J:9tff< 

[0029] sfc % mi<Dmmtmz<m2<Di&mx 

t>> nlllCS i, Ge, S n^<£> ^F*&feSr K 

-T'bT, yr»*$rS8Sbfc n^S£r/S;g£ it 5 

*«r»HM-5*frg\ nSii^t!)7SSij;/<777 
Ji i i e^fibfcffiiJcT)^^ y rm&^^ < U /<y7 
rSl lfrbMfttzM<D**i)Tfem*'}^<1-Z>z t 

[00 30]fc n^gl^SS^ s ^xwstSJSf 
2 (h) 0§:Bfc*1-5 o XIE«rtft£ 

Sfc, 02 (h) T<)B«fc/^y77lllt*SSft 
[0 0 3 1 ] ^?>{C. S2 0iitli, SffilOiS 
ttSniil ^SffiSr^ffi^t-r^ rt^it bV\ 

<t5«w»^ft<. /D^tttiSv^ctfK W«j5 s *t>»Sb 
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[0 0 3 2] H2 (i) ir^-t-i nil 1 

co^ffitcffitSf 2 , P S^7y KI3, pi^y^^h 
^4S:lliw«g-r2)o SttJl 2 14$ 1 ©MMlTa^fcfS 
ttJii:IBI«05fc©a**fc»*Lv*. ;£fcgt4Jf 2 £ nS 
Jtltnm^ niil nSSfc 

MM ©±T*;ib;h,li if r (DM LTfcfil\ 

[0 0 3 3] 02 (h) 14 ( i) ©^i-Ai»{>f y y 

9 . S^tt«^2 1 , /<y K«tt2 2 OflMBSWItttJIS 1 

(e) ©5=- y 7° i: lift 5 £14, «tt*2<0Tfc*>3nfi 
II Sr^-s'^^^bT^St r.5^*>5. t4b*>pl 
S fcai y ^ y^ bTgtSJl 2 <£>TK fc 5 n MM SrStiJ $ 

v°t-^>f-$-z>z.b\z±'o , ^ ^vmro^^TJSfStiS 
«tt!9«Ko±i-5. :o (j) ©j£#r±»i*>«*H::*iv* 

[0 0 3 4] 

[JUJSM KT. MOCVDfeCTlftfe¥*ft5:^« 
T-#<, MB E, HDVPE**rogflS^af{fc£j*S$ 

[0035] [i»m 1 3 (mi <owm 
m i st^k lt«^©i i <omm&mw-rz» ( 1 1 

1) ffi$:J*ftffii:1-5*fc?-* l rt'*K 1 0 (MgAl 
[0 0 3 6] ft^T, is«£ 5 i o'C*r-T(f , y 
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t£Z>/<vyrm 1 1^20 o^v^* Kn— AWjgJf: 
X~$.g:£ltZ> 0 /<>y7rJ§l-£A 1 N\ GaN, A 1 G a 

n*#, 9 o ccerFoaar-c. mm&+*^r* k ° 
tLtb\m&zin,z>&. mt®>*mte<of&.&ism\zz^x 

10 [00 3 7] /<->77ll lMt, TMGOMft 
T\ iSSSr 1 0 3 0*C4-e±#$-er5. 1 0 3 O'Clctt 
ofc?), IS)C<i^iiS|-« , ^trTMG. t>^t#*. K 
— yN^>7y^ir->7^^^-5rfflv\ Hi (b) 
5tC, ni^y^^hiltlTSi K-7"nlG a N 
IS:10 0/im©RfT-M$*5„ nS=^^M 
1 5 0a mSrift^r-t y T«£co n + b bT> & 

<735 0 /im5r{&=*--V y 7j8I©n-if5„ ni^y^ 
^ KJ1I4 I n x A 1 Y G a i-x-yN (0gX> 0 ^Y, X+Y 
^1) tMtSrtm, #l:GaN, InGa 

20 N, -trottt S i Sr K-7"tfcG a NfMtS I i 

b LTI1A 1 „ Ti, W, Cu x Z n, Sn, I n!?<£> 

[0 0 3 8] mzlfimif XIZTMG. TMI, = 
TSrfflV\ jfiaSr8 0 O'Ciw^b-C, /yK-7"In 
0.2Ga0.8N«t (5*5^— fi^F-#Ffll5t (SQW) it) 
)i5ffittl2S;3 0^^^ hn— AoMJ¥T-^fi^-ti: 
So SttM2SrI nGaNif9/i5#F«Sr^tP*-S: 
30 ^#F*it«U<li#SS^#F*itiri-5t, 

fi£K«5t-C**I 3 6 5 nm~6 6 0 n mWT*WiSttJ7J^ 

14, *FS(4 7 0^->-^^ ho-i,£JT, WSSI41 5 

\,\ *-i^-#F«itT'(4 7 0^->-^^ No-A 

«Tro^Jitcfi^-r s r t *«a* bv 

[0 0 3 9] »CJC, (B^^l 0 5 0 < C(c:±#^-fr. Mg 
K-7"plA 1 0.2G a 0. 8N4 <0 pf^ ? y YM 3 

^o. SdmrolSfMJtS. gttJB^«br^S 
40 $t5 P S©^ 5 ?/ KSJ4A 1 ^tsmtm^MW-. » 

it<liAlGaN^SJ*5r^igSU>„ pi 
\Z.-f hiz-\h<»T ? ^-7 $ — T-m&lb LTIiMg . Zn, 

-f*-^®m* K-7'bfc^ H 3 B SrT--y y^tr, r 
^ -fe 7°^ t fe-S- LfcTk* Srttft f *» 5> 5 

[0040] ftlr, lOSOtT'Mg K-yplGaN 
50 it)^5pSny^^hi4?rO. 5Mm©IfT'fl!cf 
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$-£5 0 &&#<Dmmmwi (c) x*hz> 0 P m=> 

^^H4SpIIn x AlyGai-x-yN (O^X, 0^ 
Y, X+Y^l) "eitftSItm, ttllnGa 
N\ GaN, ^OftfcMgSrK-ytfcplGaNt 

1-5 *t>*^yr»*ojB^paW3»s#feixT, IE 

t LTfiN i,Pd N Ir, Rh, Pt, Ag, Au| 

{lOcD^t^yuStgl OSr^y fc°V^LT, Ell (d) 
*tJ:5^^^ulfii 0S^^77ll 1*(&* 

[0 0 4 2] 7 s/ ifV^Lfc^x — ^SrftJw, — y 

^^ggir^u r^^ratfflft^-e, ioo or 
cor^— y v^SrtTPo ror=— y^;m, 30 ox: 

1 2 0 Orj^T-CtT^ T^^T, ftX4*4>N 

7oottr^y >^*m\ pswsrse>^(s»ft 

flrTSo rCQT^-y ^ttiifiM 0 0TO±tH^ 

[0044] T^-y l/>f'<k. tfV ^^bfcnfflaV' 
N/Il0>*fl5<DI3:|££ffiU:T itAl Sr^frntt*! 

2o^2^m(7)ifT«u-^ pm=*>??bm 

4 (Dliff^aBtCN i <!:Au §r^ir@3fctt<E> p m@ 2 1* 
l 0 0 h D-^©if -e»rtt5. plny^ 

1 0 0 0 it^lfx h a - Aj£ATt- LTJgftte 
Clf2//mO/N7 K««2 2Sr«j*1-* D 

[0045] K±oxej»T«, 

§rnS^^ h«l(D»MttS:fflV^-r»H!U-C, 2 5 
0//mft(7)LEDifit5 o :<Z)LEDif[j:±Tl: 
^nnlffii:plit^U flfl^ftm^ (I 
f) 2 0mAI:joV^t, I^fSllE (Vf) 3. 5V, 
^Tfeffi^ 5 mWfc«*ifc*H48r* bTto 
[0 0 4 6] [|«fc«2] HJSWlJCjoV^, SEtti-fr 
^r^T (0 0 0 1) BSrffiv^tettiatWi 4rH«^ 
tt, t7 7 >f7£fiiO±l:GaN±?45/<y77JI 

[0 0 4 7] fti::^/<y77iwil:s i K-^nl 
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GaNi^5/imMJ«c fttrilttS: 8 0 0*Ctw L 
T, S i K-ynSGaNl^i!:, S i K^nSl 
nO. 1G a 0. 9NJf* 5 0 0^>-^^ h o-^SSi^ 
5o #Ct-IDC< S i K-^nlG a NSr5 h mj&S $ 
it, ^i:Si K-yni I n0.1Ga0.9NSr5OOt 

I, ilf 6 0. 6 /im^ni=J^ ^ h^^^cS^it 
5o lOttttSttfll tR*KULEDll?«rt»L 
IE*rpI«SIE (If) 2 OmAt^^T, UK 
10 JjfaWZ (Vf) 4V, TO2raWtl)of: 0 

[0048] [*^j3] (m2comm) 

1 ^I^HicbT, (111) ffiSrfigftffit-rs^fc^vu 

ssio (MgAuoj y-~^*m\ 

^Sffil 0±l:GaNi!345/^>77il 1*2 0 

<D±J^ n + ^n-jf^^xfcnM^** Ml i 
LT S i K-^nlG a Nil* 1 0 0 n m^JKffT^g 
£i£5o 02 (g) 
20 [0 0 4 9]^fi ^*rfi£#ll*»&ttttlU 

fcr*A"S«l 0Sr9ytr^^LT, El 2 (h) ic^J: 
5H^^Sfil0M/<5/77ll l^itni 
3V^^Mi!?x^<:t5o i^tyrig 
K (n-) fflO(DnS=^^^ hSfflSSr^y ^>-^Lti 

[0050] # y ni^y^^ hJf g«&-R 

5o 

[0051] ftid, njgm trnm^vxtfy 

fcnS!^** h« 1 0*ffitrSQW«ig(OgttS2 * 

li:Mg K^pSA 10.2Ga0.8NJ:545pI^7 
yKJB3S:0. 5 ^mC0^J?Tj5S;S$it, Mg K— 7"p 
iGaNi^Ji^pS^^^ M4S:0. 5nm(Dm 
«T?**S^:5o J**«OWfffiH*SB 2 (i) -?*>5. 
£fc?£t4Jf 2 &j&R£i£5litn;in!g hjf l co^ 

40 IHGaN, I nG a N, A 1 G a N± 9 45^<y77 

[0 0 5 2] RIC»T», S/CS«rtJ-*3V^-C, 
Sftl^fflft^ ArWHf, 7 0 

So 

[0 0 5 3] »>3:-^«rRJC«B^b 
pl^^^ Ml4ffl!M>?><6 1 0 jumtr*ffi 

frW\ M2 (h) C^i-cfc 5l:nS3^^ hJfeD^ffi 
50 *^ffi£ir£ 0 
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[0054] wzmmm 1 1 mmiz lt, mm*m& 

&f$L&£ltX^te\,*iiM=3>* ? 1 
ffitdT i t A 1 Srgtf n*£2 0 5:2m mOfJ?T*M 
U — pS!^** hg4(Of5l^ffiiCN i iAu 
5:^ip@3tet4<£>p®^2 1 Sri 0 0-*>"?* b*-J±(D 

[0 0 5 5] JK±^XS»T«, 

^Xmmis, 3 5 0/imft«^i:«o 
*T"t±T^»rft-t-5n«ffit p«S4:Sr*U If2 
0mAl:*5V^ Vf 3. 5V, Ig^ffi* 5 mWirffift 

[0 0 5 6] [HJS0U4] H3l4#8WO*fe|:i9ft 

[0 0 5 7] H1K^J3{C*5V^T, *fc^M>-gtgl 0*3* 
»/<y7ril lSrBfcSU S'^LfcW 

f 100^m(DSi K^GaNiD^niay^^ 

O'CirLT, gW^IITMG, TM I ( h !i * ^vi~f 

V\ S i hWl n0.1Ga0.9NJ:945^7y^KJh 
11015:5 OOtV^ hn— 
5o Z.<09 5v9V3±Ml 0 114 I nSr^tfn^O^t: 
£?£L<i4I nGaNTj«*St5:tl:J: 
•9, ft^tf:* S-frS A 1 5:tfril^ nliftfem 

si 0 2&mmx~f&-g:£itzzb&-5imtt£*). #mz 

ff^U\ LD^It 5tHU&fcJl£ ft » 
4L<I40. 1 ixmK±0«*T/a«S^:5iMf35Sfc 
5o tJ^tttGaN, A 1 G a Nl(7)±CEf , /PJB|6Q 
A 1 Ga N£j5£fi£-£S *^bj«***fcA 1 Ga 

Il^nigWifti 1 0 2fc*7y*#A5tf>«: 

Ot^* Hn— AJEJLh, 0. 5 n mJKT^ffllff-ejBS;* 
S^5w<!:^su> 0 l o 03->-^* ho- i^j; ^ % 

0. 5 mn«fc 9 fe B B B S^a^i-5«f^]^fo 
4*3, :^7y^Kihil0ili«sm j£;S 

[0 0 5 8] 1 0 3 OtiltT, mPt$*\Z 

TMA (hy^f/U7^^!)is) , TMG, NH 3 , 
S iH 4 S:ffil\ S i K^T'niA 1 0. 2G a 0. 8N<£ 9 
*^il^nli«mil025:0. 5 M m(Ol 
ff-MfcftS-frSo :OllOniiftW^il02 
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U ±IE*>J:5fcAl fr^trSfltffc^W*. #£L<I4 
A 1 GaN*:J****5* i:«SH*U<, 100t^ 
^ hP-A^±, 2 M mJ^T> $ L< 145 0 0 

.to, **tt«>A^*-ir yrmc&iibmmmxzzo 

[0 0 5 9] i£g&8 0 O^iwTff, S i K-^niG 
aNiD45»2WnHft«*»*|103S0. 2 

SI4, *#>f KltttfPfflU GaN, InGaN£ 
10 itfatK, a*i 0 Oty^ Hd- 

Se>l:ffSU<li2 0 0ty^hP-iH 

[0 0 6 0] »c^ % J^JfSf^^iCTMG, TM I , 

0tl:ft»tT, SfyyhWln0.2Ga0.8NJ:D 
ft5#FJf 5:2 5^>-^^ ha — AOttJffTfiRSSi*: 

X\ J^Y— rf\ nO.01GaO.95NJ: !9ft5l«SJf5:5 

^ffif^2 5:j5£fi$-£S 0 

[0 0 6 1 ] Jfcfc, ia^Sr 1 0 5 0*C{w±ff , TMG, 
TMA, NHss Cp2Mg &=.=./\,-*> 

Mg K-^plA 1 0. lGaO.9N.t94 
5Il<OpStftfe^Il 0 4 5:3 0 0*>V* h 

a— ^<D)Ki?-e^ft$its 0 :^Ii^pIIWj| 

fWIl 0 414, *Hlt«!|-ettpSi:Ufc3fts, lI^Si^ 

30 ittttftv^ *t»^b< ttpSfc-t-s. «i*> 

P S!»k«^t*f«l 1 0 4 <£>BSJ5i4 0 . 1 n mWT, £ 
bCJf^ t < 115 0 0 h p-i^ftlT, ftt>#£ 

L< (43 0 Ot^* ho — AKTfcP*i-5. 0. l 

ft5o *fc, A 1 <nmf&tt&jz%\,^A 1 G a Ni»<f 
fifc-t-5i:LD*-7-l4*IRL J ?»i-<ft5o 00*14, Yffl^ 
40 0. 2JEA±<DA lyGai-yN-efeiXff 5 0 OsJ-^^ h 

m>fcm 1 0 4<7>«fl[oTRBJ4«riw|«3tbftv^s, lot 
hn-AJK±^«JWT^*i-4^i:*sa*U^ 0 
[0 0 6 2] jK^T 1 0 5 0X:X\ 

V\ Mg K-/pSGaNJ:9 45»20pIift»f 
i»I10 5!:0. 2 nm<DmS.Xf&&$l£Z 0 Z<DM 

103^D<GaN, I n G a NtM S Z t fA 
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0 G*&-§LZ J £Z>m<D<><vyTmt LTtfEfflU 10 
0tV^I-D-A~5/im, $ btwjfS L< 112 0 0 

[0 0 6 3] 1 0 5 O^T*, K*+y^x* 

/u^-tm2(omim^^m io5±o t>*#i\ m 

g K— 7"plA 1 0.2Ga0.8N£9ft-£>ll3CDpS^-fb 
•*»**10 6S:0. S/im<DKIWej«*S-tt-5. r 

yr^ciii*Sx %.vytmz&)t>m t lt«ubu ai io 

Sr^trSMI:****, fffKliAlGa N«rJ«*** 
S^tjJSiSK, lOOty^hn-AHi, 2// 

[0 0 6 4] #Hli0!l<DJ; 5fc I nGa N.fc 0ft3#F 
0 . 1 /i m£TF<D A 1 t-g-trg? l»p M^-fbfe^^^S 

1 o 4 sMRtt. ^©pintwiMi ►> i>m&mt>> 

* 1 0 5 Sr&tt , WS2©p S&ffcfe^fcS 10 5 

1 0 4<DfflSJf:£rO. lTimaTtKS^ltfc 
T?Sb*i<f?*S-&U LDcofcb^/65(6l±-t-5, o£t». 

wmm*m>&m 1 0 4T-P£it$^5fc*, y t# 

Stt^}'Bf*l9. »*±<«3t-*-Sr.i*s^r«B4:*5. 
Set, ^***-T-*«aft±#LT'b*3feSb**s<STi- 

i#T-t3 0 40 
[0 0 6 5] *3(?p£!&fett¥*ttJI 1 0 6 

<D±lZ y 1 0 5 0ttMgK-7 , piGaNi')45p 

[0 0 6 6] K£j|*T«, -CTtfT 
^SrKJE§gA>£>St>jaJU 7 0 0^71-^7- 

[0 0 6 7] T=— y >-^, R I ECi "9*-h^cDp 

hm4t. $g3<opM&t®>*mftm 1 0 6 
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^oTBSffiriSffiT-TSo Lt, I3 3!r^-rj; 9l-pS 
Z 4 W^ffitrN itAui pH@2 1 

h^W^ir^fig-rSc fc*sp*«2 1 liu-f-*^ 
: ?-T*fo5fc*i^{cS^:ttir-r5i£J^li*^ 0 — T i 
tAU945nfi20 SrSflSfc^SKMB 5rMLT 

[0068] #cir, >j7i— i>7^y*;©iii:i 

[*1] 

(1 I OO) 

J&<DW (MB) lCtS^-r-5ffitffcS„ z<r>m. RI 

[0 0 6 9] ffBHSL *M£&St-S i 0 2 tT i O z ± 9 
45KtMiI5:WL, Sti:ptitW4*l*l 

^i-*^^ (= p t - h v-v^ izftfo Lfc^ 

4 0 0 nmW^^lS^ffltS^tVfc,, :©i9llGaN 

* xfi i -r 5 1 ffl ft ^ s - * ^ v f y if mr 

[0 0 7 0] 

Jt-f 5r t^Tt^fc*. fSjfewJ: EfflS*»5>2 
Sr^Siri-S^M^T-liG a Nco^Mic J; .9 g^ir* 
[0 2] *$kW<nWi2<Dmmn&T.lg:*%iW-ttttb 

[ni3] *«n«>^i&izj:9#&iifcu— fm*<om 



